composite electrodes in different cell configurations were studied. One was a circular electrode (diameter is 13 mm) in a Swagelok-type cell (equivalent to a coin cell), in which the charge distribution is non-uniform in cross section at high current density. The other was a larger rectangular electrode (40 mm × 45 mm) with a tab centered at one end in a "pouch cell" configuration, in which the charge distribution varies in-plane.
The cross section of the circular LiFePO 4 If the charging rate is high, however, the electrolyte at the greatest distance from the anode may becomes sufficiently polarized that charging is impeded, and only the portions near the separator can participate fully in the charging process. 
.
Commercial rechargeable lithium ion batteries consist of many layers of rectangular electrodes and separators in prismatic stacks or spirally wound, with current collector tabs at the edges of the electrodes. In contrast to the coin cell configuration, electronic conductivity in the plane of the electrodes influences the charge distribution. This is shown graphically in Figure 2 .
A rectangular electrode with a tab centered at one end was charged at 2 A g -1 (12 C) to an average SOC of 50 % in a single layer "pouch cell" configuration similar to that found in a prismatic stack. The phase distribution (Figure 2 b) shows a high SOC near the tab, steadily decreasing toward the unconnected end. Also notable are islands of uncharged areas in the charged regions. These represent portions of the electrode that have been isolated by delamination or cracking during electrode cutting and/or cell assembly. 16 The somewhat higher SOC evident along the sides of the electrode is probably due to reduced electrolyte polarization in the presence of excess electrolyte in the separator extending beyond the active area of the cell. in a beaker cell after one charge and discharge at C/5 rate.
The electrodes were removed and rinsed with dimethylcarbonate to remove the residual electrolyte. After vacuum drying overnight at 80 °C, the circular electrodes were cast into epoxy and sliced to expose their cross-sections.
The x-ray microdiffraction experiments were conducted on beamline 12.3.2 at the Advanced Light Source in Lawrence Berkeley National Laboratory. The samples were step scanned using a monochromatic (6.02 keV) x-ray beam 2 μm x 5 μm for the cross-section scans and 2 μm x 25 μm for the in-plane scan. At each step a diffraction pattern was collected using a MAR133 x-ray CCD detector at a distance of 390 mm from the sample and at an angle of 45 º with respect to the beam. For the cross-section, line scans were measured both perpendicular and parallel to the Al substrate with a step size of 2 m. For the in-plane study, two-dimensional (2-D) scan were performed with a step size of 140 micrometers. The x-ray scan diffraction data were processed by XMAS software and an in-house software package for monochromatic microdiffraction analysis. 13 µXRD data collected in stereographic projection (Figure 3 The color bar indicates the intensities of the diffraction peaks. Integrated ring intensities correspond to the diffraction peaks in Fig. S1 .
